Objective-To investigate whether smoking causes ultrastructural changes in the intima of the proximal saphenous vein.
The saphenous vein is widely used for both distal and coronary artery bypass surgery.'2 Several studies have shown that continued cigarette smoking is associated with a significant increase in the risk of occlusion of the bypass graft.35 The mechanisms of occlusion include intimal hyperplasia, graft thrombosis, and the development of focal stenoses. 6 In the vasculature of the human umbilical cord noticeable ultrastructural changes have been associated with maternal smoking.7 These changes include "blebbing" of the endothelium, opening of endothelial intercellular junctions, subendothelial oedema, and widening of the basal lamina. Uterine arteries from smokers also showed discontinuity between endothelial cells on scanning electron microscopy.8
Here we have investigated, with electron microscopy and immunogold labelling of components of the basal lamina, whether there were ultrastructural changes in the saphenous veins of smokers, that might predispose these veins to occlusion when used as arterial bypass grafts.
Patients and methods
This study was approved by the local ethics committee and all patients gave informed consent. Segments of proximal long saphenous vein were obtained with minimal trauma from two groups of patients, those having ligation and excision of the long saphenous vein for the correction of varicose veins (n = 12) and those having arterial bypass surgery for critical ischaemia of the lower limb (n = 8). Even in patients with varicose veins the proximal saphenous vein was minimally dilated, with no disease evident on light microscopy. Smokers were defined as current smokers with at least a 10 pack-year history of smoking. In the varicose vein group, non-smokers were patients who had never smoked and in the vein bypass group, the non-smokers were those patients who had not smoked for at least five years. Serum samples were obtained at the time of surgery for the estimation of cotinine, the principal stable metabolite of nicotine: cotinine concentrations of > 200 nmolI were considered indicative of current smoking. Patients with diabetes, on antihypertensive treatment, or those who had a history of venous thrombosis or venous surgery were excluded from this study. Duplex scan confirmed a competent long saphenous system in all patients undergoing bypass surgery.
After rinsing the vein specimens in phosphate buffered saline (pH 7 2) at 37°C, specimens were processed for electron microscopy and immunogold studies as described later. A segment of the specimen was also fixed in 10% buffered formalin for light microscopy. ELECTRON Cytoplasmic blebs were not seen in any of the specimens examined. Microvilli were seen in specimens from both smokers and non-smokers, with no apparent difference between the two groups. Intercellular boundaries were conspicuous and cells were in close apposition (fig 1) . In some regions, separation of endothelial cells had occurred, but this was not confined to specimens from smokers, and was associated with splits in the cytoplasm, suggesting that the spaces between cells were due to a preparation artifact. TRANSMISSION beneath the endothelial cells (fig 3) . In some regions the thickening was continuous, running beneath several cells, whereas in others, the gross thickening seemed to be focal, with adjacent areas of basal lamina being of normal thickness (fig 3) . The basal lamina was always distinct from the banded collagen and microfibrils. Areas of thickened basal lamina were seen in specimens from both the varicose group and the bypass group.
When the serum cotinine concentrations of the patients of these specimens were compared, it was found that specimens containing areas of thickened endothelial basal lamina were from patients with high cotinine concentrations (smokers, table). Although nonthickened normal basal lamina was seen in specimens from both smokers and nonsmokers, areas of thickening were not seen in specimens from the non-smoking group. IMMUNOGOLD 
STUDIES
In specimens from non-smokers, immunogold labelling for fibronectin was seen along regions of the basal lamina of endothelial cells and the external lamina of smooth muscle cells ( fig 4) ; similar regions were also seen in specimens from smokers. Also in smokers, there were accumulations of numerous gold particles over the finely fibrillar material of the thickened regions of basal lamina ( fig 5) . Fibronectin however was not associated with subintimal bundles of microfibrils. The typical amorphous thickening of basal lamina seen on routine section was not identified on the Lowicryl sections, in which the thickened Heparan sulphate proteoglycans were localised to the endothelial basal lamina and external lamina of the smooth muscle cells, a pattern similar to that seen in the fibronectin stained sections from the non-smoking group, but there was no increase in the thickened basal lamina seen in sections from smokers. Immunogold labelling for type IV collagen and laminin was diffuse throughout the subendothelium, and for type IV collagen was Figure 4 Electron micrographs oflabellingfor fibronectin in saphenous vein from a non-smoker to show immunogold paricles localised mainly to the basal lamina of the endothelial cell (arrows) and external lamina ofthe smooth muscle cell (short arrows). Originally Is 
Discussion
Smoking related ultrastructural changes have been reported in human umbilical and uterine arteries.78 On scanning electron microscopy, gaps between endothelial cells were associated with smoking in both vessels but this finding has not been confirmed in our study of the saphenous vein. Separation of the cells seemed to be artifactually produced by shrinkage of the specimen, which can occur during critical point drying." The blebs described in human umbilical arteries from smokers were not seen in the uterine artery, or in our study of the saphenous vein, and would not therefore be a consistent marker of smoking.
The most prominent feature associated with smoking on transmission electron microscopy in umbilical arteries was focal thickening of the basal lamina, and subendothelial oedema. Less noticeable differences were dilatation of the endothelial endoplasmic reticulum and widening of endothelial cell junctions. Thickened basal lamina has been reported in conditions other than smoking. It is well documented in diabetic microangiopathy,'2 13 and has also been reported as an age and sex related change in muscle capillaries, being greatest in elderly men. ' Our results suggest that the endothelial basal lamina is thickened in heavy smokers and that this thickening contains fibronectin. Smoking may therefore influence the function of the endothelial cell and the structure of the venous intima and contribute to an increased risk of graft occlusion.
